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What is an RGB or Multi-Spectral Image? 

• Current and future satellite instruments, such as MODIS, VIIRS, 
Himawari AHI, and GOES-R ABI sense diverse wavelengths. 

• RGB composite imagery assign individual wavelengths or 
channel differences to the intensities of the red, green, and blue 
components of a pixel color. 

• Each red, green, and blue color intensity is related to physical 
properties within the final composite image. 

• Final color assignments are therefore related to the 
characteristics of image pixels. 

• Products may simplify the interpretation of data from multiple 
bands by displaying information in a single image. 


Product 

Instruments 

Purpose 

Air Mass 

SEVIRI, MODIS 
GOES Sounder, AHI 

Discriminate between air mass types 
and identify stratospheric intrusions 

Dust 

SEVIRI, MODIS, VIIRS, AHI Identify blowing or suspended dust 

Fog and Low Clouds 

SEVIRI, MODIS, VIIRS, AHI 

Identify fog and low clouds 

Natural Color 

SEVIRI, MODIS, VIIRS, AHI Smoke, burn scars, and fires 

True Color 

MODIS, VIIRS, AHI 

True color, photograph image 

False Color Snow 

MODIS, VIIRS, AHI Discriminates clouds from snow 

Passive Microwave 

DMSP via SSMI and SSMI/S 
GPM, TRMM 

Tropical cyclone characteristics 
Midlatitude cyclones and precipitation 

Day-Night Band 

DMSP and VIIRS Visible (moonlit) imagery provides 

cloud texture and city lights 


End-User Training and Support 

• The SPoRT Center has developed various styles of training to 
meet the needs of operational forecasters, building upon other 
foundational training provided by partners such as COMET. 

• These include narrated presentations that are provided through 
a web browser, or shorter "Quick Guides" that can be printed for 
quick reference during the forecast process. 

• In some cases, training and Quick Guides are customized to 
address unique forecast challenges or product use cases in a 
specific region - for example, specific Quick Guides have been 
established to support uses in Alaska that differ from CONUS. 


RGB Dust Quick Guide by NASA / SPoRT 

Why is the Dust RGB imagery important? 

Dust can be hard to see in visible and IR imagery because it is optically thin, or because it appears similar to other cloud 
types such as cirrus. The RGB product is able to contrast airborne dust from clouds using channel differencing and the IR 
thermal channel. The resulting combination of colors results in a pink/magenta color in the imagery for dust. 

RGB Dust Product • What is used in the combine and what does each color represent? 


Color 

Band / Band 
Diff. 

Physically Relates to.... 

Little contribution to 
composite indicates 

Large contribution to 
composite indicates 

Red 

12.0-10.8 

Optical thickness 

Thin clouds. 

Difference is negative. Less of 
the 12um channel passes 
through the clouds (colder 
brightness temperature) than 
the 10.8um channel 

Thick clouds or dust. 
Difference is positive. More of 
the 12um channel passes 
through the clouds (Warmer 
brightness temperature) than 
the 10.8um channel 

Green 

10.8-8.7 

Particle phase (ice vs 
water) or composition 

Ice particles or particles of 
similar characteristics have 
small difference 

High clouds over desert regions 
- emission from surface 
overwhelms the relationship 

Blue 

10.8 

Temperature of surface 

Cold surface 

Warm surface 


What should I be looking for in the imagery? 

The primary feature to look for in the imagery during 
the day are bright areas of magenta or pink (i.e. large 
amounts of red and blue) indicating airborne dust. 



When is the imagery available? 

The Dust RGB imagery can be used both day and night 
because it includes only IR channels. For MODIS there 
can be up to 4 passes per day. NPP/VIIRS channels will 
also be used to create the Dust RGB imagery. 

What are the things to watch out for? 

Dust obscured from view: High level clouds may 
obscure dust plumes closer to the surface 

Dust or low clouds?: Low-level clouds over oceans in a 
warm atmosphere are light purple during the day and 
can look similar to areas of dust. 


Height of dust: The height of the dust is difficult to infer 
from daytime imagery as the color does not vary much 
from magenta; however, variations of color at night can 
provide some information about the height level. Near- 
surface visibility could be okay if the plume is aloft. 


Color 

Physical 

Meaning 

Red 

Green 

Blue 


Dust at 400mb 
at night 

255 

79 

150 


Dust at 70Omb 
at night 

160 

80 

210 

tz 

Dust at 900m b 
at night 

136 

80 

239 


High, thin clouds can be black or green: Thin, high 
clouds such as cirrus or those induced on the lee side of 
a mountain range will appear black (no color 
contributions). At times these clouds do not easily 
show up on Natural or True color RGB imagery. Note 
that the 10.7um channel's larger emissivity over 
deserts than the 8.7um channel,results in high cirrus 
clouds as green. 


Example of RGB Dust Imagery from MODIS from February 28, 2012 Event 



Red = High (i.e. 
cold), thick clouds 


Dark Blue = cold, 
thin clouds (little 
blue, and no red 
or green) 


Resources: 


This guide provides a highlight of the Dust RGB product as quick reference. Operational applications of RGB imagery can 
be seen on SPoRT's blog site ( http://nasasport.wordpress.com/) . A primer of the RGB imagery concept can be found at 
the UCAR/COMET MetEd website (https://www.meted.ucar.edu ). More in depth information can be found at 
EUMETRAIN's website ( http://eumetrain.org/) . 


Figure 1. An example of a Quick Guide developed for use and 
interpretation of an RGB product for dust, available from MODIS, 
VIIRS, SEVIRI, and Himawari-AHI observations. 


End-User Testbeds and Assessments 


• Targeted training, use, and assessment periods are used by 
SPoRT to gauge the effectiveness of products used in real-time 
operations and identify opportunities for further improvements. 

• These activities focus in two areas: 

• Testbed- a transition of a product to a small group of users, 
to obtain initial feedback on use and potential value. This 
allows SPoRT to make minor adjustments and gather use 
case examples. 

• Assessments - a broader evaluation of a product with a 
wider audience, typically consisting of multiple WFOs, to 
determine the level of value to the forecast challenge. These 
result in broad R20 and 02R feedback and advance 
application readiness. 


Training: Please check all that apply for this particular product. * 

Q g ysed/jefereineedl aftha Quids ®i i its sUsegts it It© <3pefall©!tS 8% 

O I used/referenced the te.6trair.ing slides . 

Q I consulted with a fellow forecaster for help 

L) 1 wassfflfcf® MepeifteiPs^wW kssi m pcesifiUst^iMlipiflr^p^nni. 

0 i ®as MT afateta wetpet Sto p®tf based ®n BPOLif til need dUHd 

help 

O I have iwl 


If you answered either 'Large” or "Very Large" In the previous two questions, please describe why 
either with the checkbox selection or with one or two comments in the space provided. 

P increased confidence to adjust ceiling height in the TAF 

P Increased confidence to adjust the visibility in the TAF 

LI care IT 

Compared to the Nighttime Microphysics, how would you rate the value of the 24-Hour 
Microphysics product? 


Was the area of interest located in day, night, or on/near the terminator? 

O Day 

G HUH 

O CnTeiwiTwatw 


Much more valuable 
Morevaiuable 
Nearly the same VlluJe 
Less va I uable 


Near Terminator 


Much less value 


Rank the impact of the Nighttime Microphysics RGB on Aviation Forecasts in general (i.e. TAFs). 

0 Very Small 


Large 
Ifcf iLarge 

Figure 2. An example of questions asked of forecasters when 
providing input regarding the use of the 24-hour microphysics 
product during a recent assessment of the product in Alaska. 



Recent Assessments and Results 


Low Clouds and Fog: Nighttime Microphysics and Day-Night Band 


Forecaster Feedback: "Valley low cloud and fog simply jumps off the 
screen in all of these products tonight. [...] Was able to discern that 
low cloud/fog was more widespread in the valleys than with any 
other products." Medford, OR on 14 Dec 2013 
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SPoRT has partnered with several NOAA/NWS WFOs in CONUS 
and Alaska to solicit feedback on the use of multispectral 
products in forecast operations. These included: 

Use of RGBs to Address Low Clouds and Fog for Aviation 

• Front Range Collaborators (Summer 2013) 

• Southern / Eastern Region Inland (Fall 2013) 

• Southern Region Coastal WFOs (Winter 2013) 

• High Latitude (Winter 2013/2014) 

Forecasters examined traditional IR imagery, spectral difference 
fog products (e.g. 11-3.9), VIIRS and MODIS Nighttime 
Microphysics products, and the VIIRS DNB for moonlit periods. 
Forecasters provided feedback through online surveys, raised 
questions in near real-time to SPoRT developers for product 
clarification, and communicated use cases through blog articles 
or mentions of product use in Area Forecast Discussions. 




TAR/SAB 


Blue indicates 
High clouds 


High, thick clouds 


Lightning 


Band Radiance RGB 1km Sun: 


SPoRT VIIRS Day-Night 


Mid-level clouds 


Developing outflow? 


Yellow indicates 
Low clouds 


Denver 




Figure 3. Results of surveys acquired during various assessments of multispectral nighttime 
microphysics products for low cloud, fog, and aviation applications. 


Nighttime Microphysics, Day-Night Band, and IR in Alaska 


SPoRT Blog from Alaska: Copper River Basin to the 
Northeast of Anchorage. Fog is more easily identified in 
NtMicro RGB compared to traditional 11-3. 9pm difference. 
Variations in fog and stratus thickness are also more evident. 


Cheyenne 
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Forecaster Feedback 


ERH 


Outflow Boundaries, Lightning, and Low Clouds 


Front Range Collaboration: Outflow Boundaries in July 2013 

A day-night band RGB using VIIRS IR (left) shows low (warmer) features 
as yellow and high (cooler) features as blue. The NtMicro RGB combines 
VIIRS channels to discriminate cloud height, thickness, and fog. Low 
clouds resulting from outflow of storms are more efficiently analyzed. 
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Forecaster feedback indicated that these types of products are beneficial in addressing the 
challenge of low cloud and fog detection with the majority of responses indicating at least 
"some" or greater impact, and many responses including "large" to "very large" impacts. 


Impact of NtMicro RGB to 
Differentiate Fog from Low Cloud 

Large 

25% 


Very Large 
16% 


Very Small 
3% 


Some 

44% 


Small 


12% 


( A 

Impact of VIIRS DNB RGB to 

Aviation Forecast Issues (in general) 

Some 

44% 

Large 

13% 

Very Large 
7% 

Small 

L 13% 

Very Small 
23% 
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Summary and Next Steps 


Coming Soon: Himawari-8 AHI 


• Successful transitions of research products require a close relationship with end users, 
which takes time and energy to develop and sustain. SPoRT will continue partnerships 
focused on product assessment and develop assessments in other areas. 

• Users find value in the Nighttime Microphysics imagery and use today prepares them 
for GOES-R and other instruments such as Himawari-8 AHI and Meteosat-10 SEVIRI. 

• Future work will refine surveys to solicit additional information on how the forecast 
process was impacted (e.g. what was changed?) and develop a case study library. 



SPoRT is developing RGB 
composites from Himawari-8 
AHI and will perform 
assessments with Pacific 
Region and National Centers. 


























